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Abstract 

A new analysis of the precise experimental astrophysical 5-factors for the direct cap- 
ture 3Fe(a,7)^Be reaction [B.S. Nara Singh et al., Phys.Rev.Lett. 93 (2004) 262503; D. 
Bemmerer et al., Phys.Rev.Lett. 97 (2006) 122502; F.Confortola et al., Phys.Rev. C 
75 (2007) 065803 and T. A.D.Brown et al., Phys.Rev. C 76 (2007) 055801] populating 
to the ground and first excited states of ^Be is carried out based on the modified two - 
body potential approach in which the direct astrophysical 5-factor, S3i{E), is expressed 
in terms of the asymptotic normalization constants for ^He + a Be and two additional 
conditions are involved to verify the peripheral character of the reaction under consid- 
eration. The Woods-Saxon potential form is used for the bound (a -|-^ He)- state and 
the ^Hea- scattering wave functions. New estimates are obtained for the "indirectly mea- 
sured" values of the asymptotic normalization constants (the nuclear vertex constants) for 
^He-|-Q; Be{g.s.) and ^He-|-a — >^ Be(0.429MeF) as well as the astrophysical 5-factors 
Ss^^E) at E< 90 keV, including E=0. The values of asymptotic normalization constants 
have been used for getting information about the a-particle spectroscopic factors for the 
mirror (^-Li^Be)-pair. 

PACS: 25.40.Lw;26.35.+c 



1 Introduction 

The '^He(a,7)^Be reaction is one of the critical links in the "^Be and branches of the 
pp-chain of solar hydrogen burning [1-3]. The total capture rate determined by processes of 
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this chain is sensitive to the cross section au{E) (or the astrophysical S*- factor Su{E) ) for the 
^He(a,7)''Be reaction and predicted neutrino rate varies as [S'34(0)]°'^ [21 [3]. 

Despite the impressive improvements in our understanding of the ^He(a,7)''Be reaction 
made in the past decades (see Refs [4-10] and references therein), however, some ambiguities 
connected with both the extrapolation of the measured cross sections for the aforesaid reaction 
to the solar energy region and the theoretical predictions for a^^^E) (or Su{E)) still exist and 
they may influence the predictions of the standard solar model [21 [3] . 

Experimentally, there are two types of data for the ^He(a,7)^Be reaction at extremely 
low energies: i) six measurements based on detecting of 7-rays capture (see [4j and refer- 
ences therein) from which the astrophysical S'-factor S'34(0) extracted by the authors of those 
works changes within the range 0.47< S'34(0) <0.58 keV b, which yield a weighted mean of 
S'34(0)=0.507± 0.016 keV b [4j, and ii) five measurements based on detecting of ^Be ( see 
[4] references therein as well as [6-10]) from which 6*34(0) extracted by the authors of these 
works changes within the range 0.53< 5*34 <0.63 keV b , which yield weighted means of 
S'34(0)=0.572± 0.026 keV b 534(0)=0.53 keV b [6], 534(0)=0.547± 0.017 keV b [T] [8], 
and 534(0)=0.560± 0.017 keV b [9] and ^34(0) =0.595± 0.018 and 0.596± 0.021 keV b ^0\. 
All of these measured data have a similar energy dependence for the astrophysical S-factors 
S34^{E) but the extrapolation of each of the measured data from the observed energy ranges to 
low experimentally inaccessible energy regions, including E=0, gives a value of 6*34(0) with an 
uncertainty exceeding noticeably the experimental one. The recent aforesaid values of 5*34(0) 
recommended in Refs. [6-9] and [10] have nevertheless been obtained from the analysis of the 
precisely measured data for 5*^4^ (i?) by means of the artificial renormalization of the energy 
dependence of the R-matrix calculation [IT] and of the resonating-group method calculation 
[T2] for 5*34 (i?) to the corresponding experimental data, respectively. 

The theoretical calculations of ^34(0) performed within different methods also show consid- 
erable spread [11-14]. The aforesaid resonating-group method calculations of ^34(0) performed 
in Ref.[T2] show considerable sensitivity to the form of the effective NN interaction used and 
the estimates have been obtained within the range of 0.312< ^34(0) < 0.841 keV b. Calcu- 
lations performed in microscopic single-channel {{a +^ He)) and two-channel ((^He + a) and 
(p+6 Li)) cluster models gave the values of ^34(0)= 0.56 keV b |13]( ^34(0)= 0.52 keV b [14]) 
and of 534(0)=0.83 keV b [H], respectively, that is, the estimate of the value of the ^34(0) 
strongly changes when the model space is expanded. The calculations performed by the au- 
thors of Refs. [15] and [16] in the two-body potential model with different forms of the two-body 
potential gave the values of 534(0)=0.516 and about of 0.5 keV b, respectively, although dif- 
ferent values of 1.174 in [15] and 1.0 in [16] have been used for the spectroscopic factor for 
the {a +^ He)-configuration in ^Be. Calculations performed in the variational Monte-Carlo 
technique (VMCT) with seven-particle wave functions derived from realistic NN interaction 
gave 534(0) ~ 0.40 keV b [17]. But, as it was emphasized in paper [17], serious problems 
occur with the normalization for the calculated astrophysical 5-factor S{E) in respect to the 
experimental data. The estimation of 534(0)=0.52± 0.03 keV b [18] also should be noted. 
The latter has been obtained within the framework of the asymptotic method developed in 
[m [20] based on the idea proposed in paper [21]. This idea is based on the assumption about 
the fact that low-energy direct radiative captures in light nuclei (A(a, 7)B) proceed mainly in 
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regions well outside the range of the internuclear interactions. But in Ref. |T8] the contri- 
bution from the nuclear interior (r < 4 fm) to the amplitude was assumed to be negligibly 
small. In this assumption from the analysis of the experimental astrophysical 5'-factors for the 
direct capture ^He(a, 7)^Be(g.s.) and ^He(a, 7)^Be(0.429 MeV) reactions in the energy range 
180< E < 500 keV [22] the values of the nuclear vertex constants (NVC) for the virtual de- 
cays '^Be{g.s.) ^ a -|-^ He and ^Be(0.429MeV^) — a +^ He [23] (or the respective asymptotic 
normalization coefficients (ANC) for ^He + a Be(g.s.) and ^He + a Be(0.429 MeV)) 
obtained were then used for calculations of the astrophysical S-factors for the same reactions 
at E <180 keV, including £'=0. However, the experimental astrophysical S'-factors for the di- 
rect capture ^He(Q!,7)^Be reactions [22] used in [18] for the analysis have considerable spread. 
Consequently, the values of the ANC's '^He + a —>-'^ Be and the S'34(0) obtained in [18] may not 
be enough accurate. Therefore, determination of precise experimental values of the ANC's for 
^He + a — Be(g.s.) and ^He + a -^'^ Be(0.429 MeV) is highly desirable since it has direct 
effects in the correct extrapolation of the ^He(a,7)''Be astrophysical S-factor at solar energies 

[211 El]. 

In this work new analysis of the highly precise experimental astrophysical S-factors for the 
direct capture ^He(a,7)''Be reaction at extremely low energies (> 90 keV) [6-10] is performed 
within the modified two - body potential approach [24] to obtain "indirectly measured" values 
both of the ANC's (the NVC's) for ^He + a -^^ Be(^.s.) and ^He + a Be(0.429), and of 
S^i^{E) at -E < 90 keV, including E=Q. In the present work we show that one can extract ANC's 
for ^He+a — Be directly from the ^He(a, 7) ''Be reaction where the ambiguities inherent for the 
standard two -body potential model calculation of the ^He(a,7)''Be reaction being connected 
with the choice of the geometric parameters (the radius and the diffuseness a) for the Woods- 
Saxon potential and the spectroscopic factors, can be reduced in the physically acceptable limit, 
being within the experimental errors for the 5*34 (i?). 

The contents of this paper are as follows. In Section 2 basic formulae of the modified two- 
body potential approach to the direct radiative capture ^He(a,7)^Be reaction are given. There 
the analysis of the precise measured astrophysical S'-factors for the direct radiative capture 
^He(Q;,7)^Be reaction is performed (Subsections 2.2-2.4). The conclusion is given in Section 3. 

2 Analysis of ^He(a, 7)'^Be reaction 

2.1 Basic formulae 

Here we give the formulae specialized for the ^He(a,7)^Be astrophysical S'-factor. Let us 
write If [if) for the relative orbital (total) angular moment of ^He and a-particle in nucleus 
^Be(a+^He), U (ji) for the orbital (total) angular moment of the relative motion of the colliding 
particles in the initial state, A for multipole order of the electromagnetic transition, ?7/(?7i) for 
the Coulomb parameter for the ^Be(= a +^ He) bound (^Hea-scattering) state and /i for the 
reduced mass of the (^Hea)-pair. For the ^He(a,7)^Be reaction populating the ground and 
first excited (E*=0.429 MeV; J''=l/2-) states of '^Be, the values of jf are taken to be equal 
to 3/2 and 1/2, respectively, the value of is taken to be equal to 1 as well as li=0, 2 for the 
£^l-transition and li=l for the i?2-transition. 
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According to [251, [24], for fixed // and jf we can write the astrophysical S -factor, Si^.j^.{E), 
in the following form 

Here, Ci^j^. is the ANC for '^He + a — >^ Be, which determines the amplitude of the tail of 
the ^Be nucleus bound state wave function in the (a +^ ife)-channel and is related to the 
NVC Gij^jj: for the virtual decay ^Be — > a +^ He and to the spectroscopic factor Zi^j^ for the 
(■^He + a)-configuration with the quantum numbers // and jj in the ^Be nucleus as [23] 



Gipf = -^''-'''^C,^^f (2) 
ft 

and 

respectively, and 

^','AE,ci:f,)^'^, (4) 

where Si^.j^{E) = XIa single-particle astrophysical S-factor [5] and C'/jjj is the 
single-particle ANC, which determines the amplitude of the tail of the single-particle wave 
function of the bound ^Be(a +^ He) state. In ([2]) the factor taking into account the nucleon's 
identity [23] is absorbed in the Ci^^. The single-particle bound state wave function, ipi^.jj_.{r), 
is determined by the solution of the radial Schrodinger equation with the phenomenological 
Woods-Saxon potential for the given quantum numbers n (n is the nodes of (pip^{r)), If and 
jf as well as geometric parameters of and a, and with depth adjusted to fit the binding 
energy of the ^Be bound state with respect to the (a +^ He)-channel. Note that in Eq.(l4j) the 
dependence of the function TZij^j^X^^^ifff) ^^^'^ parameter C*/^j^^ also enters through the 

single-particle wave function (y9/^j^(r; C/^*j'j)(= ipi^.j^.{r)) [26], and the single-particle ANC Cl^.jj 

in turn is itself a function of the geometric parameters of To and a, i.e., Cl^j'^^ = C/jJ^^(ro, a). 

According to [24], the peripheral character for the direct capture ^He(a,7)^Be reaction is 
conditioned by 

n,^,^{E,ci;f^.) = f{E) (5) 

as a function of the Ci^^j^^ within the energy range Emm ^ E < E^ax, where the left hand side 

(l.h.s.) of Eq.([5|) must not depend on Ci^^j^^ for each fixed E from the aforesaid energy range, 
and by 



C? = ^''''^^] , = const (6) 



for each fixed E and the function of 7li^j^{E, Cj^^^^j) from (JS]). 

As it was previously shown in [24] and [27] for the direct capture t(a,7)''Li and ^Be(p, 7)^B 
reactions, respectively, fulfillment of the conditions ^ and ([6]) enables one also to obtain 
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valuable information about the experimental ("indirectly measured" ) value of the ANC 
for ^He + a — Be by using Sf^J'^{E) instead of Si^j^i^E) in the right hand side (r.h.s.) of Eq.(E 



(^exp\2 _ •■fJt ^ ' (rj\ 



Then the value of the ANC, (Cf^^?^)^, obtained from Eq.(l7|) together with the condition ([5]) can 
be used for calculation of Si^j^iE) at energies of -E < -Emm by using the following expression: 

Si,,^m = {c-^;f'R,^,^[E^df^;). (8) 

Note that the total astrophysical S'-factor for the ^He(a, 7) ''Be(g.s.+0.429MeV) reaction is 
given by 

i/=l/2,3/2 

= C^1 3/2^^1 3/2(i?,C^f3l2)[l + ^(^)] (10) 

= Cl,i,ll,,i2{E,C'(^^l,){\^R-\E)\ (11) 

= C*! 3/2['^l 3/2 (-E, Cfgjg) + AcT^l 1/2 (-E, C'ffjg)]' (12) 
1/2"^! l/2(-E', C'1T/2)/^1 3/2"^! 3/2(-E', (^^3/2) 



where R{E) = Si i/2{E)/Si ■i/2{E) = Cly^TZi i/2iE,c[%)/C^, ,,^ni s/2iE,c[%) is a branch- 



ing ratio and Ac = (Ci 1/2/Ci 3/2)^. 

Values obtained in such a way for the (Cf^^^)^ and Si^j^{E) at energies of < E^^^ can 
be considered as an "indirect measurement" of the ANC (or NVC) for '^He + a Be and of 
the astrophysical S'-factor for the direct capture '^He(a,7)^Be reaction at -E < -Emm, including 
-E = 0. It should be noted that the expressions (P) and (l4l)-(fT2ll allow one to determine both 
the absolute value of ANC (or NVC) for ^He + a — Be and that of the astrophysical S'-factor 
Sijjj{E) for the peripheral direct capture ^He(a,7)^Be reactions at extremely low experimen- 
tally inaccessible energy regions by means of the analysis of the same precisely measured values 
of the experimental astrophysical S'-factors, Sf^^^{E) and S'34^(-E). 

2.2 The asymptotic normalization coefficients for ^He + a Be 

To determine the ANC values for the ^He + a Be(g.s) and ^He + a Be (0.429 MeV) 
the experimental astrophysical S'-factors, SfJ^^{E), for the ^He(a,7)^Be reaction populating 
the ground {If = 1 and j/=3/2) and first excited (E*=0.429 MeV; = 1/2", // = 1 and 
j/=l/2) states are reanalyzed based on the relation ([Tl), the conditions ([5]) and ([6]), and the 
relations (I7|) and (I8|). As it was mentioned above, the experimental data have been obtained 
by different authors, which have considerable spread with experimental uncertainty being more 
than 10%. Recently, S.B. Nara Singh et al. [6], D. Bemmerer et al. [7], Gy. Gyiiky et al. 
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[8], F. Confortola et al. [9] and T.A.D. Brown et al. \10\ have apparently performed the most 
accurate direct measurement of the total astrophysical S'-factor for the ^He(a,7)^Be reaction, 
covering the energy ranges E=92. 9-168.9 keV [7-9], 420-951 keV |6] and 327-1235 keV [lO] 
with absolute uncertainty not exceeding 5%. However, one should note that the experimental 
astrophysical S'-factors for the the ^He(a,7)^Be reaction populating to the first and excited 
states of the residual nucleus have been separated only for the energies of E=92.9, 105.6 and 
147.7 keV in [9] and for all experimental points of E from the aforesaid energy region in |rOj . 
Whereas, in [101 the experimental astrophysical S'-factors were measured by using two different 
experimental approaches: the detection of the delayed 7 ray from ^Be (the activation) and the 
measurement of the prompt 7 emission (the prompt). So, in our analysis we naturally use 
S^2^{E) most recently independently measured in Refs.[6-9] and [10], since the reaction under 
consideration is nonresonant and, consequently, proceeds mainly in regions well outside the 
internuclear interaction range |21| . 

The Woods-Saxon potential split with a parity (/ - dependence) for the spin-orbital term 
proposed by the authors of Refs. [28-30] is used here for the calculations of both bound state 
radial wave function ip^j^ir) and scattering wave function ipiijX^)- It should be emphasized 
that the choice of this potential is based on the following considerations. Firstly, this potential 
form is justified from the microscopic point of view because it makes it possible to take into 
account the Pauli principle between nucleons in ^He- and a-clusters in the (a+^He) bound state 
by means of inclusion of deeply bound states forbidden by the Pauli exclusion principle, i.e. 
without an explicit introduction of a repulsive core at small distance. The latter imitates the 
additional node (n) arising in the wave functions of a He relative motion in ''Be. Secondly, 
this potential describes well the phase shifts for ^Hea-scattering in the wide energy range 
[291 [HQ]. 

The test of the peripheral character of the ^He(a,7)^Be reaction for the aforesaid energy 
range has been made by means of verifying the conditions ([5]) and dHj), and by changing the 
geometric parameters (radius and diffuseness a) of the adopted Woods-Saxon potential using 
the procedure of the depth adjusted to fit the binding energies , as it was done in Ref. [24] . 
According to Ref. [24], we vary r^, and a in the physically acceptable ranges in 1.62-1.98 fm 
and a in 0.63-0.77 fm) in respect to the standard values (ro=1.80 fm and a=0.70 fm [29l [30]). 
Such a choice of the and a parameters variation limit allows us to provide fulfillment of 
the conditions ^ and ^ in the aforesaid energy range within the experimental errors for the 

As an illustration, FigH] shows plots of the 7lij,j^{E, Ci^^^j) dependence on the single-particle 

ANC, C/^'^j] for //= 1 and j/=3/2 and 1/2 only for the two values of energy E. The width of the 

band for these curves is the result of the weak "residual" (ro, a)-dependence of the lZipj{E, C*;*-^|^^) 

on the parameters Tq and a (up to ±2%) for the Ci^^^^ = Ci'^.jj{ro,a) = const [26l [24]. The 
same dependence is also observed at other energies. It is seen that for the calculated values 
of Tlij,jj_.{E,Ci^j^) the dependence on the C'/JJ^ values is rather weak (no more than ± 5.0% 

) in the interval of 3.205 < C^f/^ < 4.397 fm'^/^ (2.788 < C[l^/^ < 3.763 fm-^/^) for the 
^He(Q;, 7)''Be(g.s.) (^He(a;, 7)^Be(0.429 MeV)) reaction, which corresponds to the parameters 
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Figure 1: The dependence of lZi^j^{E,C[^^^^^) as a function of the sing le-particle ANC, C[f^, 
for the 3He(a,7)^Be(g.s.) ((//, j/) = (l,3/2)) and 3He(a, 7)^Be(0.429 MeV ((//, j/) = (l,l/2)) 
reactions at different energies E. 



of the adopted Woods-Saxon potential Tq ranging from 1.62-1.98 fm and a in the range of 
0.63-0.77 fm. It follows from here that the condition ((51) is satisfied for the considered reaction 
within the uncertainties not exceeding the experimental errors of Si^J^,{E). 

We also calculated the ^Hea-elastic scattering phase shifts by variation of the parameters 
To and a in the same range for the adopted Woods-Saxon potential. The results of the calcu- 
lations corresponding to s- and p- waves are presented in Figl2] in which the width of the bands 
corresponds to a change of phase shifts values with respect to variation of values of the Tq and 
a parameters. As it is seen from Figlll the experimental phase shifts [Hj are well reproduced 
within uncertainty of about ± 5%. 

This circumstance allows us to test the condition ((61), which is no less essential for the 
peripheral character of these reactions, at the energies of E= 92.9, 105.6 and 147.7 keV for which 
the ^He(a, 7) ''Be(g.s.) and ^He(a, 7)^Be(0.429 MeV) astrophysical S'-factors were separately 
measured in [9j. As an illustration, for the same energies E as in FigH] we present in Figl3] 
(the upper panels) the results of C^^^^^-value calculation given by Eq.(l6|) ((//j/) = (l 3/2) and 
(1 1/2) ) in which instead of the Si^j^{E) the experimental S- factors for the '^He(a,7)^Be 
reaction populating the ground and first excited states of ''Be were taken. It is also noted 
that the same dependence occurs for other considered energies. It is seen from this figure 
that the obtained Cf^jj, values also weakly depend on the C^^^J^^ -value. However, the values 
of the spectroscopic factors Zi 3/2 and Zi 1/2 corresponding to the (a +^ He)-configuration for 
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Figure 2: The energy dependence of the ^Hea-elastic scattering phase shifts for different partial 
waves. The experimental data are from [31]. The bands are our calculated data. The width 
of the bands for fixed energies corresponds to the variation of the parameters and a of the 
adopted Woods-Saxon potential within the intervals of ro=1.62 to 1.98 fm and a=0.63 to 0.77 
fm. 
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'^Be{g.s.) and ^Be(0.429A;eV^), respectively, change strongly (see, the lower panels in Figl!]). The 




Figure 3: The dependence of the ANC's C/^j^ (upper band) and the spectroscopic factors 
Zi^.j^ (lower band) on the single-particle ANC Cl^.f^, for the ^He(Q;, 7) ''Be(g.s.) (the left 
column,(//, j/) = (l,3/2)) and 3He(a, 7)'^Be(0.429 MeV) (the right column, (//, j/) = (l,l/2)) re- 
actions at different energies E. 

calculation shows that the uncertainty in Tli^j^.{E,cl^^j^^) and Cf^.j^. is up to ±5.0% relative to 

the central values of TZi^j^{E,Cl^,^j) and Ci^.jj:, obtained for the standard values of Vo = 1.80 
fm and a = 0.60 fm, for the (ro, a)-pair varying in the above mentioned intervals for and 
a, while the uncertainty in the Zi^.j^. is about ±30%. It should be noted that the uncertainty 
in the Cf^jj^ values becomes even less when in (l6|) one uses the experimental astrophysical S- 
factors corresponding to smaller energies. Thus, the peripheral character of the reactions under 
consideration allows one to determine the C^^,2 ^11/2 values for the a +^ He Be{g.s.) 
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and a+^He — Be(0.429 keV), respectively, with a maximal uncertainty of about ± 5.0% when 
the geometric parameters Vg and a are varied within the aforesaid ranges and the experimental 
data are used at the aforesaid three energies in the analysis. 

For different energies E we also estimate a relative contribution of the nuclear interior 
(r < rjv) to the astrophysical S'-factors for the ^He(a,7)^Be reaction populating the ground 
and first excited states in dependence on the variation C'/^^jj (or and a) introducing the 
cutoff radius Vcut {fcut ~ rj^) in the lower limit of integration of the radial integral (10) of 
Ref ■ |24| entering in the amplitude of the reaction under consideration . With this aim one 



considers the ratio /\{E,c[f-,r,^;) =\ 7^,,,,(E, Cj;;;)) - ^,,,,(E, r,„,) | /ni^,^{E,c[f^), 

where TZi^.j^.{E,Cl'^^jj;rcut) is given by Eqs.(lO) and (13) of Ref. [24] but in the radial inte- 
gral (10) of Ref. [21] the integration over r is performed in the interval r^ut ^ r < oo^ i.e. 

■Ri^j^iE, Cj'^f^; 0) = ni^.,^.{E, C/;jJ). The 7^^^,^(E, Cl'^f^) and ni,j,{E, C\'^f^.- r,,,) functions were 

calculated for different values of the single-particle ANC C^^^fj ( or the parameters and a) . A 
value of the cutoff radius is taken as in Ref. [32], that is Tcut = r^t = 1.36(4^/^ + 3^/'^)=4.12 fm, 
as well as rcut=4.00 fm and 4.25 fm. The calculation of A{E, C^^^f^; Vcut) performed at different 

energies shows that the quantities of A{E,Cl^^^j;rcut) change from 5.4% up to 15.5% under 

variation of C*/^]*] and Vcut- The calculation shows that the contribution of the nuclear interior 
(r < rjy) to the astrophysical S'-factors calculated for different sets of geometric parameters 
and a of the Woods-Saxon potential, and values oivcut does not exceed about 15.5% and this 
small quantity is due mainly to oscillations observed in the integrand of the radial integral (10) 
of Ref. [24] . As an illustration of this fact, in FigHlwe show a dependence of the integrand of the 
radial integral (10) of Ref. [24] on geometric parameters Vo and a of the Woods-Saxon potential 
and values oi Vcut for the ^He(a, 7)^Be(g.s.) reaction at different energies. As one can see from 
FigH] the integrand of the radial integral changes with the variation of the geometric parame- 
ters To and a, which is associated with changes of the calculated bound (a +^ He) state wave 
function and the calculated ^Hea-scattering wave function, and these wave functions indeed 
reached simultaneously their asymptotic form for r > 5.0 fm. Such a change leads to calculated 
Sijjj{E) that vary by 1.75 times over the energy region 92. 9< E < 1200 keV, while the calcu- 
lated values of the function Tli^.j^{E,cl^,^^^,) change by only ±5% with respect to the value of 

Tlij,jj_.{E,Ci^^j^_^) corresponding to the standard values of ro=1.80 fm and a=0.70 fm. Besides, it 
is seen from FigH] that the behavior of the integrand in the radial integral (10) of Ref. [24] over 
a wide energy range provides a strong suppression of the contribution only from the part of the 
nuclear interior with < r < 2.0 fm to the integral (10) of Ref. [24] . But a noticeable change of 
the integrand of the aforesaid integral is observed with the variation of the parameters and 
a in the range 2.0 ^ r < 6.0 fm. The similar situation occurs for the ^He(a, 7) ''Be(0.429 MeV) 
reaction. Therefore, the choice of the cutoff radius Vcut becomes ambiguous since a fitted value 
oivcut also becomes dependent on the parameters and a. In this connection one would like to 
note the following. In paper [18] the calculation of the astrophysical S'-factors for the reactions 
under consideration has been carried out using the expression ^ but introducing the cutoff 
radius Vcut in the lower limit of integration in the radial integral (10) of Ref. [24] and replacing 
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Figure 4: The integrand of the radial integral (10) of Ref.[24] for the ^He(a, 7)^Be(g.s.) reaction 
at energies -E=0.1056 and 0.506 and 0.951 MeV for different sets of (ro; a)-pairs: (1.62 fm;0.63 
fm) (dashed line), (1.80 fm;0.70 fm) (solid line) and (1.98 fm;0.77 fm) (dotted line). 



the bound state wave function ipi^j^ir) with its asymptotic form starting from r = Tcut- At 
this the best fitting of the calculated Sij_.jj^{E)) to the experimental ones ^22j was reached when 
the cutoff radius was rc„t=4.0 fm. It is seen from here that in paper [H] the contribution of 
the nuclear interior to the calculated astrophysical 5'-factors was indeed underestimatecil], since 
contribution of the nuclear interior < r < 4.0 fm to the calculated astrophysical ^-factors, 
which is up to about 14%, has not been taken into account. Here, firstly, the contribution of 
the nuclear interior (r < r^v) to the calculated astrophysical S'-factors is taken into account 
in a correct way by means of the appropriate choice of the adopted potential both for the 
initial state and for final state of the reactions under consideration. Secondly, the problem 
of the ambiguity connected with the strong (ro, a)-dependence of the calculated astrophysical 
S'-factors is removed by inclusion of the information about ANC (or NVC). The latter reduces 
this ambiguity to minimum. At last, in the present work the more precise experimental data 
for the ^He(a,7)^Be astrophysical S'-factors [6-10] than those in [H] are used for the analysis. 

Thus the scrupulous analysis performed here quantitatively shows that the ^He(a,7)^Be 
reaction within the considered energy ranges is peripheral. 

For each energy E experimental point {E=92.9, 105.6 and 147.7 keV) the values of the 
ANC's are obtained for the a +^ He -^'^ Be{g.s.) and a +^ He -^'^ Be(0.429 MeV) by using the 
corresponding experimental astrophysical S'- factor (S'^^g^^gl-^) ^^'^ ^Ti/2(^)^ i^^^ activation)) 

^It should be noted that there is a misprint in the line 36 upper of section 3 of There the phrase "no 
more than 1% to" must be written as "no more than 10% to". 
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[9] in the ratio of the r.h.s. of the relation ([6]) instead of the Si^j^i^E) and the central values of 
TZij,jj,{E,Ci^^j^^) corresponding to the adopted values of the parameters tq and a. The results of 
the ANC's, (Ci^3^2)^ (^1^1%)^ these three energy E experimental points are displayed 
in Figsl5]a and [6]a (filled circle symbols), and the second and third columns of Table [TJ The 



E 

is 




0,0 0,2 0,4 0,6 0,8 1,0 1,2 




0,0 0,2 0,4 0,6 0,8 1,0 1,2 




0,0 0,2 0,4 0,6 0,8 1,0 1,2 




0,0 0,2 0,4 0,6 0,8 1,0 1,2 



E(MeV) 



Figure 5: The values of the ANC's, C^3/2? ^or the a +^ He — >^ Be(g.s.) for each energy E 
experimental point. The opened triangle and diamond symbols (filled star and square symbols) 
are data obtained by using the total (separated) experimental astrophysical S'-factors from 
[6] and [7-9] (a)( from [10], the activation (6) and the prompt (c)), respectively, while filled 
circle symbols are data obtained from the separated experimental astrophysical S'-factors from 
Refs.[7-9]. The symbols in (d) are data obtained from all experimental astrophysical S'-factors. 
The solid lines present our results for the weighted means. Everywhere the width of each of 
the band is the weighted uncertainty. 

uncertainties pointed in this figure correspond to those found from (l6|) (averaged square errors 
(a.s.e.)), which include the total experimental errors in the corresponding experimental astro- 
physical S'-factor and the aforesaid uncertainty in the lZi^jAE,C\^f). One should note that 
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the same results for the ANC's, C^^j^ and i^^^ opened symbols in Figsl5]a and[6]a) are 

obtained when Slf{E) (or Slf{E) and ^^{E)) [71 ^ are used in Eq.® (or in Eq.([l0D and 
(fTTj) ) instead of 6*34 (£") (5*34 (S) and R{E)). Then in Eq. (fT2|l . inserting the weighted means of 





0,0 0,2 0,4 0,6 0, 



0,0 0,2 0,4 0,6 0,8 1,0 1,2 





0,0 0,2 0,4 0,6 0,8 1,0 1,2 0,0 0,2 0,4 0,6 0,8 1,0 1,2 



E(MeV) 



Figure 6: The same as FigElfor the a +^ He -^^ Be(0.429 MeV). 

(Ac=0.666), obtained from the three data (the filled circle symbols) plotted in Figsl5]a and 
[6]a, and replacing of the S^i{E) in the l.h.s. of Eq. (fT2l) with Sl^{E) for the others, the two ex- 
perimental points of energy E (i?=126.5 and 168.9 keV) from [7], four one E (i?=420.0, 506.0, 
615.0 and 951.0 keV) from [6] and the three one E (E=93.3, 106.1 and 170.1 keV) from [9j can 
also determine values of ANC's, C^3/2 and Cl^j^. The results of the ANC's are also displayed in 
Figsl5]a and [6]a (the opened diamond and triangle symbols) and the second and third columns 
of Table [U The same way the values of the ANC's (C^3/2 and obtained by using the 

separated experimental astrophysical 5*- factors {S'^^j^ and S^^^ [10] obtained by using the 
experimental astrophysical S"- factors (the activation (h) and the prompt (c)). The results for 
ANC's are presented in Figsl5]6 (the activation) and[5]c (the prompt) as well as Figsl6]6 and[6]c. 
The weighted means of the ANC-values and their uncertainties, deduced separately from each 
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experimental data, are displayed by the solid lines and the band widths, respectively, in these 
figures and also presented in the second and fourth columns of Table [2l The corresponding 
NVC-values are also presented in the third and fifth columns of Table [2l Besides, in Figsl5]c? 
and [6H (the solid line) as well as the second and third columns of Table El the weighted means 
of the ANC-values derived from all of the experimental points of Figsl5](a, b and c) and FigsE] 
(a, b and c) are also presented. As it is also seen from Figs 15] and [6] (the second and third (the 
second and fourth ) columns of Tabled] (Table [2|)) the values of the ANC's, obtained from the 
analysis of the experimental astrophysical S'-factors measured by the authors of Refs.[6-10] in 
different intervals of energy E, agree rather well with each other within about 12%. Also, it is 
seen from here that the ratio in the r.h.s. of the relation ([7]) does not practically depend on the 
energy E, although absolute values of the corresponding experimental astrophysical S'-factors 
for the reactions under consideration depend noticeably on the energy and change by up to 
about 1.7 times when E changes from 92.6 keV to 1200 keV. 

This fact allows us to conclude that the energy dependence of the experimental astro- 
physical S'-factors [6-10] is well determined by the calculated function TZi^j^.{E,c[^^^^^) and 

'^i3/2(-E', C'j3/2) + •^c'^ii/2(-E', (^{1/2)- Hence, the corresponding experimental astrophysical S'- 
factors can be used as an independent source of reliable information about the ANC's for the 
a +^ He Be(g.s.) and a +^ He Be(0.429 MeV). 

The weighted means of the ANC-values recommended by us for ^He + a — Be(g.s.) and 
^He + a Be(0.429 MeV), obtained from all of the experimental data presented in Figsl5]c? 
and[6]d, are equal to {Cl''^j^f=2?,.l9± 1.37 fm'^ and (Cff/2)2=15.73± 1.02 fm'^ (C'7/2=4-82± 
0.14 fm-1/2 and Cf^'j2=3-97± 0.13 fm-^/^). One should note that the values of Ci 3/2 and Ci 1/2 
should not be equal, in contrast with the assumption made in Ref . [TT] . The corresponding values 
of the NVC's are | d 3/2 P= 1.11± 0.07 fm and | d 1/2 P= 0.75± 0.05 fm. As noted earlier in 
paper [H], the values ANC's (NVC's) Cl^i^=l%.l'^ fm'^ and C2^/2=15.02 fm^^ ( | d 3/2 P= 
0.86 fm and | Gi 1/2 P= 0.71 fm) were obtained from the experimental data analysis [22| . 
But we mentioned above, in paper [I8|, firstly, the contribution of the nuclear interior (r < 
4.0 fm) to the calculated astrophysical S-factors was not included and, secondly, the values of 
ANC's were obtained from the analysis of the experimental data [22|, which has considerable 
spread. It is seen that taking into account the contribution of the nuclear interior and use the 
experimental data more accurate than those in Ref.[l8] one can strongly influence the extracted 
values of the ANC's for ^He + a Be(g.s.) and ^He -\- a ''Be(0.429 MeV). A comparison 
of the present result and that obtained in paper [18] shows that the underestimation of the 
contribution both of the nuclear interior and of the nuclear exterior indeed occurs in [18] since 
the present value of ANC 3^2 obtained from the analysis of the more accurate experimental 
astrophysical S-factor [6-10] is larger than that obtained in [T8] . 

The resulting ANC (NVC) values obtained by us are in good agreement with the values 
C2 3/2=20.52 fm-i and Cl^i^=lh.22, fm'^ {\Gi 3/2^= 0.97 fm and |Gi 1/2^= 0.72 fm) [MldH]. 
However, the results recommended by us for these ANC's differ noticeably from the values 
C2 3/2=12. 60± 1.07 fm-i and Cl = 8.41±0.58 fm-\Ci 3/2=3.55± 0.15 fm-V2, Ci i/2=2.90± 
0.10 fm-1/2^ 3/2p=0.60± 0.05 fm and |Gi i/2p=0.40± 0.03 fm) [17] as well as those C^y^ = 
Ci\/2=12.36 fm-i (^13/2 = Cl 1/2=3.79 fm'^/^ and IG13/2P = |Gii/2p=0.68 fm) In this 
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connection one would like to draw attention to the following. The bound state wave functions 
and the initial state wave functions in [17] were computed with different potentials and, so, 
these calculations were not self-consistent. Besides, the values of the binding energies for the 
bound states of ''Be calculated in Ref.fTT] differ from the experimental ones. Therefore, the 
calculated value of the binding energy for the bound state of ^Be(g.s.) in the (a+^He)-channel 
(4.73 MeV, see Table I in Ref.[T7|) is also not in agreement with the experimental one (1.59 
MeV) . Since the ANC's (or NVC's) for ^He + a Be are sensitive to the form of the NN 
potential [T2|, it is desirable, firstly, to calculate the wave functions of the bound state using 
other forms of the NN potential, and, secondly, in order to guarantee the self-consistency, 
the same forms of the NN potential should be used for such calculation of the initial wave 
functions. Besides, one would also like to note the recent result of Ref.[lT] obtained for Ci 3/2 
and Ci 1/2 from the analysis of the experimental ^He(a, 7)^Be astrophysical S'-factors performed 
within the R-matrix method, where the contribution from the internal part of the amplitude 
was simulated by the background for a single pole. But there to reduce the number of free 
parameters the assumption about equality of the ANC's (C13/2 = Ci 1/2) was used, and the 
best fitting of the data was reached at Ci 3/2=3.79 fm~^/^ and the channel radius rc=3.0 fm. It 
follows from here that in reality the values of the ANC's, Ci 3/2 and Ci 1/2, should not be equal. 
Moreover, the calculation shows that the asymptotic behavior of the bound (a+'^He) state and 
^Hea-scattering wave functions is reached, as it was mentioned above, simultaneously only at 
Tc > 5.0 fm and, so, at Tc > 3.0 fm their substitution for these wave functions in the external 
part of the amplitude in Ref.fTT] is not correct. 



2.3 a-particle spectroscopic factors for the mirror ('^Li'^Be)-pair 

The "indirectly measured" values of the ANC's for ^He + a — >^ Be obtained in the present work 
and those for a + 1 — Li deduced in Ref.[24] can be used for obtaining information on the 
ratio Rz;jf = Zij^iJ'Qe) / Zij^C Li) for the virtual a decays of the bound mirror (^Lz^Be) -pair, 
where Zij^(^Be)(Zij^, (^Li)) is the spectroscopic factor for ''Be Li) in the (a +^ He) ((a + t))- 
configuration. For this aim we can easily derive the following from Eq.([3]) 



Rz;jf - p ^'^^ , (13) 
'if 



R(j(sp). 



where i?c;,, = {Ci,^{'Y^e) /Ci,^.{' Li)) (i?c(-);,, = (cfX^('Be)/C;7^H'^0) ) is the ratio of 
squares of the ANC's (single-particle ANC's) for the bound mirror (''Li^Be)-pair and j/=3/2(l/2) 
for the ground (first excited) state of the mirror nuclei. It should be noted that in Eq.f|T3l) by 
using the values of the ANC's for the t + a Li and ^He + a — Be obtained in Ref . [24j and in 
the present work, respectively, one can verify a validity of the approximation (Rcjf ~ Rc^^p^jf^ 
i.e., Rz;jf ~ 1) used in Ref s. [341 135] for the mirror (^L^^Be) conjugated a decays. For the 
bound (first excited) state of the mirror (''Lz''Be)-pair the ratio -Rc'(»p);3/2 (-^cc^p); 1/2) changes 
by only about 1.5%(6%) under the variation of the geometric parameters (ro and a) of the 
adopted Woods-Saxon potential [29l [30] within the aforesaid ranges. The ratios are equal to 
3/2=1 •37± 0.02 and i?f;(sp).i/2=l-40± 0.09. These ratios can be determined by using the 
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values of the single-particle ANC's for the mirror (^Lz^Be)-pair obtained in the present work and 
deduced in Ref.[2l]. The ratios for the ANC's are i?c;3/2=1.85± 0.11 and i?c; i/2=1.75± 0.10. 
From (fT3l) the values of the ratio Rzjf are equal to Rz-3/2=^-35± 0.08 and Rz-i/2=^-'25± 0.11 
for the ground and the first excited states, respectively. These values differ noticeably from 
those of -R^; 3/2=0. 995±0. 005 and -R^;i/2=0.99 calculated in Ref.[35] within the microscopic 
cluster model. One of the reasons of these differences can be associated with the aforesaid 
approximation used in Ref.|35|. which is hardly valid for the mirror (''Li^Be)-pair [36] . 

Thus, as it is seen from here that, in fact, the magnitudes of Rzjf differ noticeably from 
unity both for the ground state and for the first excited state of the mirror C^LfBe) -pair. 

2.4 Astrophysical ^-factor for the ^He(Q!, 7) '^Be reaction at solar ener- 
gies 

The equation ([HI) and the weighted means of the ANC's obtained for the ^He+a — >^ Be(g.s) 
and ^He + a -^"^ Be(0.429 MeV) can be used for calculating the ^He(a,7)^Be astrophysical 5*- 
factor for capture to the ground and first excited states as well as the total astrophysical 
^-factor at solar energies (E < 25 keV). At first, we tested again the fulfilment of the condition 
([5]) in the same way as it is done above for E > 90 keV. Similar results plotted in FigH] are 
also observed for the lZi^.j^.{E^C[^^^^^) function dependence on the single-particle ANC, at 
energies of -E < 90 keV. 

The astrophysical S-factors for the '^He(a, 7)^Be(g.s.) and ^He(a, 7)^Be(0.429 MeV) reac- 
tions are displayed in Figsl7]and[8l respectively, as well as presented in Tabled! In FigsjTb and 
[Eh, the opened diamond and triangle symbols show our result obtained from the analysis of the 
total experimental astrophysical S'-factors of [7-9] and [6] by using the corresponding values of 
the ANC's for each energy E experimental point presented in Table [H In Figs[7[and[8[ (a, 6 and 
c) the experimental data plotted by the filled circle symbols (filled star and square symbols) 
are taken from [9] (from [lO]). The symbols in Figs[7|i and[8li are data of all experiments [9l[l0] 
and our ones. The opened circle symbols in these figures are the results of the extrapolation 
recommended in the present work. The solid lines present our calculations performed with 
the standard values of geometric parameters ro=1.80 fm and a=0.70 fm both for the bound 
(a -|-^ He) state and for ^Hea-scattering state. Everywhere the width of each of the band is the 
weighted uncertainty, which includes the uncertainties in the "indirectly measured" values of 
ANC's and the aforesaid uncertainty in the TZi jAE,C\^'f). 
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E(MeV) 



Figure 7: The astrophysical S - factors for the ^He(a, 7)^Be(g.s.)((//, j/) = (l,3/2)) reaction. The 
opened diamond and triangle symbols (a) are our result separated from the total experimental 
astrophysical S"- factors of Refs.[7-9] and [6], respectively. The filled circle symbols (filled star 
and square symbols) are experimental data of Ref.[9j (Ref.^lO], the activation (b) and the 
prompt (c)). The opened circle symbols are our results of the extrapolation. The symbols in d 
are data of all experiments [9l [lO] and the present work. The solid lines present our calculations 
performed with the standard values of geometric parameters ro=1.80 fm and a=0.70 fm both 
for the bound {a +^ He) state and for ^Hea-scattering state. Everywhere the width of each of 
the band is the weighted uncertainty. 
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Figure 8: The same as FigElfor the 3He(Q!, 7)^Be(0.429 MeV)((//, j/) = (l,l/2))reaction. 
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Table 1: The "indirectly measured" values of the asymptotic normalization constants ( ^^'^ for ^He+a 

Be, the experimental astrophysical S'-factors {Sl^^ and S^2^{E)) and branching ratio {R^^^{E)) at different energies E. 



E 
(keV) 


(fm-1) 


Qexp 
Of 

(keV b) 


SIT{E) 
(keV b) 


R^^P{E) 


J/=3/2 


J/=l/2 


J/=3/2 


J/=l/2 


92.9 


22.02±1.84 


14.04±1.16 


0.387±0.03[9J 


0.147±0.012[9J 


0.534±0.023[9J 


0.380±0.03[9J 


93.3 


21.41±1.38 


14.66±0.94 


0.374±0.02 


0.153±0.009 


0.527±0.03[9J 


0.409±0.03 


105.6 


20.95±1.79 


14.55±1.21 


0.365±0.03[9] 


0.151±0.012[9J 


0.516±0.03[9j 


0.415±0.03[9J 


106.1 


21.23±1.28 


14.55±0.88 


0.368±0.02 


0.150±0.009 


0.518±0.03[9] 


0.408±0.02 


126.5 


21.23±0.87 


14.58±0.59 


0.365±0.01 


0.149±0.006 


0.514±0.02[7J 


0.408±0.02 


147.7 


20.84±1.13 


14.60±0.74 


0.352±0.02[9J 


0.147±0.007[9j 


0.499±0.02[9J 


0.417±0.02[9J 


168.9 


20.57±0.81 


14.09±0.55 


0.343±0.01 


0.139±0.006 


0.482±0.02[7J 


0.405±0.02 


170.1 


21.90±1.21 


15.00±0.83 


0.362±0.02 


0.148±0.008 


0.510±0.02[9J 


0.409±0.03 


420.0 


21.41±1.67 


14.66±1.14 


0.297±0.02 


0.123±0.009 


0.420±0.03[6J 


0.414±0.05 


506.0 


20.91±1.88 


14.32±1.29 


0.266±0.02 


0.113±0.010 


0.379±0.03[6J 


0.424±0.05 


615.0 


21.50±1.35 


14.73±0.92 


0.254±0.02 


0.108±0.006 


0.362±0.02[6J 


0.425±0.04 


951.0 


22.74±1.21 


15.58±0.83 


0.220±0.01 


0.096±0.005 


0.316±0.01[6J 


0.436±0.03 



The results for the total astrophysical S'-factor Su{E) and the branching ratio for the reac- 
tion under consideration are presented by Figs l9] and [TOl respectively. The opened circle symbols 
in Figsiniare our result of extrapolation in which each of the quoted uncertainties is the a.s.e., 
which involves the uncertainties both for the ANC's adopted and that in Tl.ijjj{E,Cl^^^^^). The 
solid lines and the width of each of the band are the same as in FigslT] and El As it is seen 
from Figini the equation (JH]) allows us to perform a correct extrapolation of the correspond- 
ing astrophysical S'-factors at solar energies when the corresponding ANC-values are known. 
In particular, the values of the total astrophysical S'-factor S^i{E) at solar energies are pre- 
sented in Table [21, and those recommended by us are S'34(0) = 0.610 ± 0.037 keV b and S'34(23 
keV)=0.599± 0.036 keV t|. 




^The energy of E=23 keV corresponds to the Gamow one. 



20 



0,8 



0,7 - 



0,6 - 



0,2 



0,1 - 



0,0 



0,0 



T ' r 




0,2 



0,4 



0,6 



0,8 



E(MeV) 



1,0 



1,2 



Figure 10: The branching ratio. The filled square, opened circle and square symbols are 
experimental data taken from Refs.|37j. [9] and [10], respectively, and the opened triangle 
symbols are our results. The straight line and width of band are our results for the weighted 
mean and its uncertainty, respectively. 
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Table 2: The weighted means of the ANC-values (C^^p)^ for ^He + a Be, NVC's | G and the calculated values of 
S3 4(E) at energies E=0 and 23 keV 



Exp. 




^13/2 cxp7 




^11/2 cxp5 


^34(0), keV b 


^34(23 keV), keV b 


[10] (the activation) 


23.98±0.82 


1.14±0.04 


16.25±0.62 


0.77±0.03 


0.630±0.022 


0.619±0.022 


[10j(the prompt) 


23.72±1.01 


1.13±0.05 


16.09±0.94 


0.76±0.05 


0.624±0.029 


0.612±0.019 


[6, 7,!9] 


21.31±0.61 


1.06±0.03 


14.59±0.40 


0.69±0.02 


0.562±0.016 


0.552±0.015 


[6, 7, 9, lOj 


23.19±1.37 


1.11±0.07 


15.73±1.02 


0.75±0.05 


0.610±0.037 


0.599±0.036 



Comparison of our results with those of the authors of Refs.[T8] and [17] shows that a 
noticeable discrepancy between the present results and those of Refs.[T8l [17] occurs. This 
circumstance is apparently connected with the underestimated value of Cf i'^^ 
IGi 3/2P and jCi 1/2P) obtained in Ref.fTSl [TT] in respect to our result. However, our result is 
also in a good agreement with that recommended in Refs. [4,6-10] and differs slightly from that 
recommended in Refs.[IIl[6] (534(0)=0.51±0.04 keV b pT] and 0.53 keV b [6J). 

Besides, we observe that the value of 5'34(0)= 0.56 keV b \13\ obtained within the micro- 
scopical (a +^ He)-cluster approach is also in agreement with our result about lAa level. It 
follows from here that the mutual agreement between the results obtained in the present work 
and in [13], which is based on the common approximation about the cluster (a+^He) structure 
of the ^Be, allows one to draw a conclusion about the dominant contribution of the (a +^ He) 
clusterization to the low-energy ^He(a,7)^Be cross section both in the absolute normalization 
and in the energy dependence [6-10]. Therefore, single-channel {a +^ He) approximation for 
^Be [T3| is quite appropriate for this reaction in the considered energy range. 

One notes also that the ratios of the "indirectly measured" astrophysical S-factors, 5*1 3/2(0) 
and Si 1/2(0), for the ^He(a,7)^Be reaction populating to the ground and first excited states 
obtained in the present work to those for the mirror t{a, 7) ''Li reaction populating to the ground 
and first excited states deduced in Ref.[24] are equal to i?^^-'-^=6.4±0.8 and r[^'"'-'-^=6.1±0.7, 
respectively. These values are in a good agreement with those of i?^ '^''*=6.6 and R^^^^^=5.9 
deduced in Ref.[35] within the microscopic cluster model. 

FigHO] shows a comparison between the branching ratio R^^'^^E) obtained in the present work 
(the opened triangle symbols) and that recommended in Refs.[37| (the filled square symbols), 
in [9] (the opened circles) and [10] (the opened squares ). There the solid line and the width 
of the band present the weighted mean R^^'p of the R^^p{E) (the opened triangle symbols) and 
the weighted uncertainty obtained by us, respectively, which is equal to ^"^^^=0.41^= 0.01. As 
it is seen from FigHO] the branching ratio obtained in the present work and in [71 [lO] is in a 
good agreement with that recommended in Ref.[37] although the underestimation occurs for 
the St,l^{E) obtained in Ref . [37j . Such a good agreement between two of the experimental data 
for the R'^^P{E) can apparently be explained by the fact that there is a reduction factor in [37] , 
being overall for the ^He(a, 7)^Be(g.s.) and ^He(a, 7)^Be(0.429 MeV) astrophysical ^-factors. 
The present result for R^^^ is in a good agreement with those of 043± 0.02 [37] and 0.43 [T5l[38] 
but is noticeably larger than 0.37 [T^ and 0.32± 0.01 [39]. 

Thus, it follows from here that the overall normalization of the astrophysical S'-factors at 
extremely low energies for the reactions under consideration is mainly determined by the ANC 
- values for the ^He + a Be(g.s.) and ^He + a — Be(0.429 MeV), which can be determined 
rather well from the model independent analysis of the precise experimental astrophysical S- 
factor [6-10], and the values of the ANC's allow us to perform correct extrapolation of the 
astrophysical S'-factors for the direct radiative capture ^He(a,7)''Be reaction at solar ener- 
gies, including £'=0, and to predict the separated experimental astrophysical S'-factors for the 
^He(a, 7)''Be(g.s.) and ^He(a, 7)^Be(0.429 MeV) reactions at low experimentally acceptable 
energy regions (126. 5< E< 951 keV) obtained by using the total experimental astrophysical 
S'-factors measured in Refs. [6-9]. 
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3 Conclusion 



The analysis of the experimental astrophysical S'-factors, S^2^{E), for the ^He(a,7)^Be re- 
action, which were precisely measured at energies i?=92. 9-1235 keV [6-10], has been performed 
within the modified two-body potential approach proposed recently in Ref . [24J . The scrupulous 
quantitative analysis shows that the ^He(a,7)^Be reaction within the considered energy ranges 
is peripheral and the parameterization of the direct astrophysical S'-factors in terms of ANC's 
for the ^He + a — Be is adequate to the physics of the peripheral reaction under consideration. 

It is demonstrated that the experimental astrophysical S'-factors of the reaction under con- 
sideration measured in the aforesaid energy region can be used as an independent source of 
getting the information about the ANC's (or NVC's) for ^He + a — >^ Be. The weighted means 
of the ANC's (NVC's) for ^He + a Be are obtained. They have to be {Cl''^^^)^=23.19± 
1.37 fm-i and {Cl''^/^f=lb.73± 1.02 fm"^ for ^He + a -^^ Be(g.s) and ^He + a -^^ Be(0.429 
MeV), respectively. The corresponding values of the NVC's are | Gi 3/2 P= 1.11± 0.07 fm and 
I Gi 1/2 P= 0.75± 0.05 fm. The uncertainty in the ANC (NVC )-values includes the experimen- 
tal errors for the experimental astrophysical S'-factors, St,2^\E), and that of the used approach. 
Besides, the values of ANC's were used for getting the information about the a-particle spec- 
troscopic factors for the mirror (^L2^Be)-pair. 

The obtained values of the ANC's were also used for obtaining the experimental ^He(a, 7)^Be 
astrophysical S'-factors for capture to the ground and first excited states, the branching ratio 
at the six experimental points of energy E (E > 126.5 keV) [6-9] and for their extrapolation 
at energies less than 90 keV, including E=0. In particular, for the weighted mean of the 
branching ratio R'^^p and the total astrophysical S'-factor S'34(0) the values of R'^^p=0A1± 0.01 
and S'34(0) = 0.610 ± 0.037 keV b have been obtained, respectively. The latter is noticeably 
larger than the result of S'34(0)=0.507± 0.016 keV b , deduced in Ref.[4] from the measurements 
of capture 7 ray, and is in an agreement with those of S'34(0)=0.572± 0.026 keV b [4], deduced 
in Ref.[4j from the measurements of ^Be activity, and S'34(0)=0.56 keV [13] obtained within the 
microscopical {a +^ He)-cluster model. 
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